P ercutaneous coronary intervention (PCI) is performed >600 000 times per year in the United
States alone for patients with coronary artery disease. 1 Nevertheless, restenosis requiring target vessel revascularization (TVR) remains a concern. The use of drug-eluting stents (DES) is associated with a 50% reduction in TVR as compared with bare metal stents (BMS). 2, 3 However, DES do not improve survival or long-term quality of life, 4, 5 and the magnitude of benefit of DES in reducing restenosis is dependent on a patient's underlying restenosis risk. 6, 7 Importantly, DES use necessitates 6 to 12 months of dual antiplatelet therapy (DAPT) to minimize the risk of stent thrombosis, while as little as 1 month of DAPT may be safe for patients treated with BMS. 8 DAPT represents an increased medication burden for patients, can be expensive, increases major and nuisance bleeding, 9, 10 and can complicate future surgeries. 8 When asked, the majority of patients equally value the benefits of TVR avoidance and the drawbacks of DAPT. 11 However, despite these tradeoffs, DES are used in >80% of PCI cases in the United States, irrespective of patients' risk for restenosis. 12, 13 When more than one clinically acceptable treatment is available, engaging patients in shared decision-making (SDM) can improve the value of health care. 14, 15 In the setting of PCI, stent selection should be a preference-sensitive decision because of the offsetting benefits of DES and the drawbacks of prolonged DAPT. However, only 10% of patients undergoing PCI are presented with other options, only 19% are presented with the cons, and only 16% are asked about their treatment preferences. 16 Collectively, these data suggest that stent selection is an ideal situation in which to test strategies for implementing SDM into routine care. Therefore, we developed an SDM tool for stent selection and hypothesized that it would improve engagement in SDM for patients undergoing PCI.
METHODS
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure; however, the study investigators are open to collaborating with researchers who wish to consider further analysis of these data.
Study Design

Creation of the SDM Tool
The SDM tool was developed with input from the study team, Steering Committee, and providers. The DECIDE tool was formulated using the criteria for International Patient Decision Aid Standards. 17 Patient input was solicited through a series of focus groups. In their roles as Steering Committee members, patients and caregivers also assisted with the study design, outcome measures, study conduct, and interpretation of the results. Patients, caregivers, and patient advocates who contributed to this work are listed in the Acknowledgments below.
Using the Patient Risk Information Systems Manager, we implemented a personalized SDM tool to supplement personalized informed consent documents that were previously demonstrated to improve the informed consent process, patient satisfaction, 18 and patient participation in SDM with respect to stent selection. 19 The SDM tool included each patient's estimated risks of TVR with BMS and DES by executing a previously published TVR risk model using each patient's clinical risk factors, without angiographic variables. 20 A graphic designer with experience in patient decision aid creation contributed to the visual appeal and layout of the tool. Through a series of presentations at subsequent patient focus groups, the tool evolved into the single-page self-contained DECIDE tool for use with patients before the scheduled coronary angiography with possible revascularization procedure. The text and visual graphic on the 1-page paper form described, in lay terms, the nature of coronary artery disease, stents, the decision to be made related to stent type, TVR, DAPT obligations, costs, and risks, resulting in a personalized SDM tool that could be provided before angiography (Appendix A in the Data Supplement).
The impact of the SDM tool was analyzed using a prepost study design. Between May 2014 and December 2016, patients were recruited from 2 PCI centers, Saint Luke's Mid America Heart Institute and Truman Medical Center, following Institutional Review Board approval at each site. Patients undergoing elective or urgent PCI or coronary angiography with possible PCI (including patients with acute coronary syndrome) were approached before their procedure to obtain informed consent for participation in the study at Truman Medical Center, but Mid America Heart Institute's Institutional Review Board considered the study to be Quality Improvement and granted a waiver of written informed consent. Patients undergoing emergent procedures or who could not or did not
WHAT IS KNOWN
• Drug-eluting stents reduce restenosis following percutaneous coronary intervention but necessitate prolonged dual antiplatelet therapy. • While the majority of patients undergoing percutaneous coronary intervention in the United States receive drug-eluting stents, only a minority report that stent options were discussed with them.
WHAT THE STUDY ADDS
• Use of a shared decision-making tool for stent selection improved patient knowledge transfer and engagement in shared decision-making only when accompanied by decision coaching.
• Concordance between stent desired and stent received was high (98%) when patients preferred drug-eluting stents and considerably lower (50%) when patients preferred bare metal stents.
• The shared decision-making tool with or without decision coaching did not impact patient stent preference or concordance between stent desired and stent received.
wish to participate in an SDM discussion were excluded. The SDM tool was administered in the catheterization laboratory preparatory area before the patient's procedure. While the SDM tool was designed to be used in conjunction with decision coaching, the allocation of hospital resources to provide decision coaching was a challenge. Therefore, the SDM tool was tested with or without decision coaching to define the best strategy with which to engage patients in SDM and to assess whether or not decision coaching was important, or if merely presenting a personalized SDM tool with the informed consent would suffice. Thus, the study was conducted in 3 sequential phases, as follows. 
Decision Coaching Intervention
The Ottawa Decision Support Framework 21 and Motivational Interviewing communication principles were used to develop a 4-hour training curriculum for decision coaches. Motivational interviewing principles are well suited for use in SDM because motivational interviewing is considered person or patient-centered and the communication skills are designed to facilitate patient engagement, to elicit the patient's views about the topic, and to express empathy and acceptance. 22 Coaching techniques were engineered to facilitate patient understanding of the information contained in the SDM tool, to elicit patients' questions, and to encourage patients to voice their preferences to their physician. A total of 9 Registered Nurses (5 bedside nurses from the Cath Lab Holding area and 4 clinical research nurses) completed the training. However, during the study, >90% of the coaching was done by clinical research nurses to allow for consistency in delivering the SDM tool and greater fidelity in the coaching intervention. Decision Coaches initiated the SDM process by sharing the SDM tool with patients preprocedurally, before the attending physician obtained informed consent for PCI. The Decision Coaches used Frequently Asked Questions/ Option Grids to address commonly asked questions, thus blending supportive training to the coaches with personalized estimates for patients. Coaching sessions typically lasted 10 to 15 minutes in duration but ranged between 5 and 20 minutes in duration based on the level of patient engagement. At Mid America Heart Institute, decision coaching was performed by 3 research nurses, and when decision coaching was withdrawn, those nurses no longer interacted with patients. At Truman Medical Center, decision coaching was performed by 3 clinical nurses in the catheterization laboratory, and when decision coaching was withdrawn, those nurses no longer routinely reviewed the SDM tool with patients. Fidelity of the coaching intervention was assessed through periodic site visits by the study coordinator, who was trained in the SDM curriculum and MI communication principles. While feedback was provided, formal audits were not performed. In addition, decision coaches attended an investigator meeting during which a recorded coaching session and additional patient scenarios were reviewed, to promote consistency in delivery of the intervention.
As part of an implementation strategy to motivate physicians performing PCI procedures to engage in SDM with their patients, physician champions at each site were enlisted at each site to engage their colleagues to value SDM. These physician champions received training in motivational interviewing communication principles so that these techniques could be shared with their colleagues as well. Physicians performing PCI obtained informed consent after the SDM tool with or without coaching were provided to the patient. Physicians were educated on the rationale for the study and its design, but they were not provided with any information from decision coaches about their conversations with patients, and were not directed to discuss stent selection with patients. However, a copy of the SDM tool was included with the informed consent document for the physician to review, if desired. Patients treated by the physician champions at each site were not enrolled in this study, so as not to bias the results.
Study Outcomes
The process and outcomes of SDM were assessed through a postprocedure, predischarge interview (Appendix B in the Data Supplement). The primary outcome was whether or not patients participated in SDM about stent choice through a slight modification of a previously validated measure. 23 Patients were categorized as having participated in SDM if they answered anything other than doctor alone in response to the question Who chose the type of stent? Secondary outcomes included patients' recall of individual aspects of the stent discussion, stent knowledge score (based on number of correct answers to 6 questions assessing knowledge transfer), patient preference for stent type, perceived autonomy support (eg, perceived interest in patient preferences, support for the patient to ask questions, and support for the patient to make choices) from their providers (6-item Health Care Climate Questionnaire; scored 0-7, with higher scores denoting greater autonomy support), 24 and concordance of patient stent preference and type of stent received. Patients were categorized as having voiced a stent preference if they answered anything other than I don't care or I don't know in response to the question After reviewing the risks and benefits of both types of stents, which type of stent did you want? Patient sociodemographic, clinical, and procedural characteristics were obtained from the study data collection form. Data were entered into REDCap and regularly audited for completeness. Although patients were consented and enrolled in the study before angiography, only those who ultimately underwent PCI were included in the analyses.
Analytic and Statistical Approaches
The target enrollment for this study was 600 patients. To evaluate the effect of the SDM intervention, we compared the above outcomes among patients in the no SDM tool, SDM tool alone, and SDM tool with coach groups. Unadjusted comparisons of continuous variables were made using 1-way ANOVA, and comparisons of categorical variables were made using χ 2 or Fisher exact test. In addition, standardized differences were calculated for each pairwise comparison of groups. The standardized difference is the difference in group means divided by a pooled estimate of the within-group SD, expressed as a percent. Being unitless, it can be used to compare the relative magnitude of between-group differences across variables with different scales, and unlike P values does not depend on the sample size. Standardized differences >10% have been suggested as indicating imbalances between groups. 25, 26 Adjusted comparisons were made using estimates from generalized linear models (normal distribution/identity link for mean differences, binomial or modified Poisson distribution with log link for rate ratios), adjusting for site and patient characteristics with standardized differences >10% (race, diabetes mellitus, peripheral arterial disease, prior coronary artery bypass graft, prior PCI, and admission status). Because patients' correct recollection of the stent type received and of concordance with their stent preference was assessed after the procedure, comparisons of these 2 variables were further adjusted for stent type received to eliminate any potential confounding associated with stent received. Missing data were imputed using multiple imputation as implemented in the R package mice. 27 The imputation model included all covariates and outcomes. Five imputed data sets were generated incorporating random perturbations in the imputed values to reflect uncertainty because of missingness. Models were fit on each of the 5 imputed data sets and results were pooled to obtain final effect estimates. Statistical significance was denoted by 2-sided P values <0.05. Analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC) and R version 3.3.1 (R Core Team).
RESULTS
Patients' experiences with stent selection were assessed in 332 patients in the no SDM tool group, 136 patients in the SDM tool alone group, and 113 patients in the SDM tool with coach group (Figure 1) . Characteristics of patients enrolled in these 3 study phases were generally similar, although statistically significant differences were observed in site of enrollment, race, and history of peripheral arterial disease (Table 1) .
Stent knowledge score (0-6) increased from 2.3±1.4 in patients in the no SDM tool group to 4.3±1.5 in patients in the SDM tool with coach group (P<0.001). The proportion of patients who answered all 6 questions correctly increased from 1.8% in the no SDM tool group to 24.8% in the SDM tool with coach group (P<0.001). No differences were observed between patients in the no SDM tool group and those in the SDM tool alone group. In fully adjusted analyses, patients in the SDM tool with coach group demonstrated a higher stent knowledge score (mean difference +1.8 [1.5-2.1], P<0.001) and were more likely to answer all 6 questions correctly (risk ratio 12.6 [5.3-30.0 
], P<0.001).
Additionally, patients in the SDM tool with coach group reported higher perceived autonomy support from their nurse and physician than patients in the no SDM tool and SDM tool alone groups (Table 2) . A sensitivity analysis was performed to assess for any interaction between receipt of PCI and knowledge transfer, the process of SDM and participation in SDM. This analysis revealed that the positive impact of the SDM tool with decision coaching on perceived autonomy support from physician did not achieve statistical significance in patients who did not receive PCI, but remained statistically significant for all other variables in patients who did, and did not, receive PCI.
Patients in the SDM tool with coach group were more likely to participate in SDM about stent selection (60.0% versus 30.1%, P<0.001) and to state that they had a preference for the stent type they would like to receive (68.9% versus 35.6%, P<0.001), as compared with patients in the no SDM tool group (Figures 2 and  3 ). There was no difference in these parameters between patients in the no SDM tool group and those in the SDM tool alone group. In fully adjusted analyses ( 
001).
A greater proportion of patients preferred to receive DES as compared to BMS in all 3 phases of the study (24.8% versus 10.8%, 16.5% versus 1.5%, and 43.1% versus 25.7% in the no SDM tool, SDM tool, and SDM tool with coach groups, respectively). In the entire study cohort, DES were used in 86.5% of cases. DES were used in 98% of patients who preferred DES (concordance 98%), in 79% of patients who did not have a stent preference, and in 50% of patients who preferred BMS (concordance 50%). No differences in the concordance of preference and treatment were observed across phases of the study (P value for interaction =0.77).
DISCUSSION
We found that patients who received an SDM tool and decision coaching were significantly more likely to participate in SDM with respect to stent selection, to voice a stent preference, and to demonstrate knowledge about stents. However, when the tool was provided without coaching, there were no benefits observed over usual care. Prior studies have also demonstrated the benefits of decision coaching, both as an alternative to usual care, and as a supplement to patient decision aids. 28 Taken together, these data clearly suggest that for the highest-quality SDM to occur, a personalized, evidence-based SDM tool needs to be supplemented with decisional coaching. Importantly, in this study, participation in SDM did not significantly impact physicians' use of DES and BMS. A particularly striking finding is that while concordance between stent preference and stent received was nearly universal (98%) for patients who preferred DES, it was significantly lower (50%) for patients who preferred BMS. These findings suggest that even when patients participate in SDM and voice a preference for treatment, physicians often resort to their own preferences when making final treatment decisions.
While physician engagement in SDM is essential for the process to work as intended, prior research has suggested that several physician-level barriers exist to the incorporation of personalized risk models into clinical care. 29 Such findings suggest that formal medical education about approaches to risk stratification, SDM, and cost-effectiveness is needed, to promote evidence-based decision-making and improve the quality and cost-effectiveness of health care in the United States. To honor patients' preferences and for patients to participate in treatment decisions, a transformation in the process of PCI and stent selection is needed. Importantly, one of the goals of healthcare is to improve quality while limiting costs. While reducing costs was not a primary goal of this intervention, aligning treatment with patients' preference may, indirectly, lower the costs of PCI through the use of fewer DES, which are more expensive than BMS. In a prior analysis, 12 we calculated that if the rate of DES use was cut in half (from 74% to 37%) in patients at low risk for restenosis, an estimated $205 000 000/y could be saved in the United States alone when adding the cost savings for stents and DAPT and subtracting the costs of repeat procedures. Interestingly, even if DES were entirely withheld from low-risk patients, the absolute increase in TVR would be <1%, with a savings of >$400 000 000/y. Accordingly, we postulate that a higher-quality SDM process might not only improve patients' participation in SDM, but that if patients less likely to benefit from DES preferred and received BMS, SDM might result in significant health care savings, as observed in prior studies. 30, 31 While the SDM tool with decision coaching had significant benefits on SDM in this study, we observed no benefit of the SDM tool to patients without decision coaching. In fact, perceived autonomy support was lowest in patients who received the SDM tool without decision coaching, raising the possibility that the provision of the SDM tool without coaching might reduce patients' perceived autonomy support, perhaps because no nurse or physician is present while the patient reviews the material or to answer questions that arise from it. These data suggest that if the SDM tool is to be implemented in clinical practice, it is also important to invest in the infrastructure of decision coaching. This may prove to be a barrier in adoption, given that considerable effort will likely be needed to convince clinic and hospital administrators to provide the necessary resources for coaching. Alternatively, innovative approaches with telemedicine or web-based educational presentations could prepare patients for a more limited face-to-face discussion of the personalized information provided in the SDM tool. Ideally, this could be accomplished through payers providing a payment to offset the resources required to redesign care. An even bolder initiative might be to withhold reimbursement for elective PCI if SDM is not undertaken, as Medicare is doing for lung cancer screening with computed tomography scans, 32 left atrial appendage closure, and implantable cardioverter-defibrillator placement. 33 In any scenario, nurse and physician training in motivational interviewing communication principles should be considered to train providers on the importance of respecting patients' preferences and methods to best engage patients in SDM. Regardless of the specific implementation strategy used, significant investment may be necessary to bring about the changes in care desired by patients, patient advocates, and professional societies.
34
Future Research
As the results of this study appeared largely positive, novel implementation strategies might allow for this information to be shared with more patients. Furthermore, patients and providers voiced, in focus groups, that it would be preferable to provide information about stent options upstream of the procedure; however, we were not able to do so due to the rapidity with which patients referred for angiography are scheduled to undergo their procedures. Had we been able to provide the information sooner, patients would have had more time to reflect on the information and become even more engaged in SDM. However, it is possible that if the discussion was held too far in advance of the procedure, patients would forget the information over time and knowledge transfer would have been negatively impacted. Importantly, our finding that stent concordance was 98% for patients who preferred to receive DES and only 50% for patients who preferred to receive BMS suggests that physicians are prone to use DES and may be reluctant to change their decision-making when patient preferences differ from their own. 29 This finding warrants further investigation, to better understand and overcome such physician biases, and to better engage physicians in SDM to deliver treatment that is preferred by patients.
Study Limitations
The lack of randomization with respect to the provision of the SDM tool and decision coaching was a limitation of this study. Because implementation of the tool altered the processes of care, it was decided to use a pre-post, as opposed to a randomized, study design. The concern in doing a randomized study was that, once participating, physicians would discuss stent options with patients randomized to both the intervention and control groups because they would become accustomed to doing so as part of the consent process. However, the fact that the improvements in SDM observed with the SDM tool and decision coaching reverted to baseline when decision coaching was withheld suggests that the observed improvements were not because of secular trends. Nevertheless, a cluster randomized trial design would be a desirable approach for future research in this area, albeit with the added complexity that more centers would be needed to complete such a study. In addition, a strategy of decision coaching alone was not tested in this study because without the SDM tool a personalized SDM discussion would be less consistent; therefore, it is unknown whether decision coaching in the absence of the SDM tool would have an impact on the outcomes measured in this study. A second limitation involves the use of Patient Risk Information Systems Manager to construct the personalized SDM tool to be used in this study, as it may not be available at all hospitals and any impact of a nonpersonalized SDM tool cannot necessarily be extrapolated from the results of this study. A third limitation involves the estimation of TVR risk in the SDM tool without the availability of angiographic data. However, the inclusion of angiographic variables in the model only marginally improved its predictive power 20 and, in the majority of cases in the United States, PCI is performed ad hoc, making it impossible to include angiographic data in the estimation of TVR risk as the time that SDM could occur. Physicians were not provided with information about patients' stent preference, if a preference was indeed voiced during the conversation with a decision coach. While the intent of this study was to educate patients and to engage them in SDM, the intent was not to dictate the type of stent used or for decision coaches to serve as a mouthpiece for patients. In addition, physicians were not surveyed for additional variables that impacted their stent selection; however, such surveys could introduce substantial bias, as cognitive dissonance could play a role in physicians' justification of their medical decision-making. Finally, the information contained in the SDM tool was current at the time of the study but can and should be updated as clinical knowledge evolves. For example, information about the cost of medications should be updated as costs change. Similarly, the DAPT duration recommendations following DES and BMS need to be updated as guidelines change.
CONCLUSIONS
An SDM tool for stent selection, in conjunction with decision coaching, is associated with significant improvements in the processes of, and patients' engagement in, SDM and greater knowledge transfer. However, no benefits were observed when the SDM tool was provided to patients without decision coaching. No significant differences in the proportion of DES and BMS were observed in the study, and while patients who preferred to receive DES nearly always received DES, patients who preferred BMS often received DES, suggesting that physician-level barriers to SDM may exist.
